In 2014, a huge sized box jellyfish specimen was caught during a fishing trawl in off-shore waters near Karachi, Pakistan. While taking photographs the specimen broke into pieces due to its own weight but at least its size hinted to its identity as a member of one of three Carybdeida families:
Introduction
Cubozoans are a small group of jellyfish, containing between 40 and 50 species (Bentlage & Lewis 2012 , Kingsford & Mooney 2014 , that inhabits mostly warmer coastal areas (Kingsford et al. 2012 ). This group is well known because of the high toxicity of most species (Williamson et al. 1996 , Yanagihara et al. 2002 , Carrette et al. 2002 , Carette & Seymour 2004 , 2006 , Bordehore et al. 2011 ) that has caused several fatalities (Williamson et al. 1996 , http://thaiboxjellyfish.blogspot. de). But besides this, the group also presents other interesting aspects, like courtship (Lewis & Long 2005 , Lewis et al. 2008 , Garm et al. 2012 , Chiaverano et al. 2013 , Canepa et al. 2014 , Carrette et al. 2014 , vision (Coates 2003 , Nordström et al. 2003 , Nilsson et al. 2005 , Garm et al. 2006 , 2007a+b, 2008 , Garm & Bielecki 2008 and taxonomic classification (Bigelow 1938 , Werner 1973 , Gershwin 2005b , 2006 , Straehler-Pohl 2014 , Toshino et al. 2013 . Also the validity of some species, especially the ones of the alatinid family, has been discussed since the beginning of the last century (Mayer 1910 , Bigelow 1938 , Kramp 1961 , Gershwin 2005a , b, Bentlage 2010 , Lewis et al. 2013 . This is because some species were never officially seen again after their first description and the type material got lost, as in the cases of Alatina alata (Reynaud, 1830) , Alatina turricula (Haeckel, 1880) , Alatina philippina (Haeckel, 1880) , Alatina tetraptera (Haeckel, 1880) and Alatina madraspatana (Menon, 1930) or because the type material is in such bad shape, as in the case of Alatina grandis (Agassiz & Mayer, 1902) , that their validity is hard to prove (Bentlage 2010) .
Our goal here is to add to the knowledge of cubozoans from Pakistani waters and to the knowledge of the distribution of the rare cubozoan species, A. grandis: we provide the first official records of this alatiniid species off the coast of Pakistan in the northern Arabian Sea, in the central Arabian Sea, in the Gulf of Oman and off Kameran, Red Sea, by sampled live specimens and rediscovered specimens in the collection of the John Murray Expedition 1933-34 of the Natural History Museum in London.
Materials and methods

Pakistani specimens
The specimens were collected as by-catch during fishing activities in the northern Arabian Sea along the Pakistani coast. One specimen was collected on 02 March 2014 from the waters off Karachi (24°51′41.264″N, 67°0′35.779″E) and photographed but not retained, while six specimens were collected on 05 March 2015 from off Sonmiani (25°25′21.873″N, 66°35′53.864″E) and preserved in 7% formaldehyde-seawater. Detailed examination and photographs of different morphological features of the preserved specimens were taken in the laboratories of the Department of Zoology, Jamia Milla Government Degree College Malir, Karachi, Pakistan. The voucher specimens are deposited in the Museum of the Department of Zoology (JMGDC MDZ CN 22).
Registered and unregistered preserved material of different alatinid species was inspected directly in the collections of the relevant museums or institutes (see list of preserved examined material below).
The type material of Alatina grandis and Keesingia gigas Gershwin, 2014 were not available during this study, therefore, literature was used for comparison (Agassiz & Mayer 1902 , Mayer 1910 , 1917 , Bentlage 2010 , Gershwin 2014 .
Preserved Material Examined
Alatinid species:
Alatina grandis: United Kingdom: British Natural History Museum (BNHM), London: 1 specimen (BNHM1983.4.25.2) from the Philippines labelled as Tamoya alata, and 3 specimens (BNHM 1950 (BNHM .3.25.1, 1950 (BNHM .3.25.2, 1950 
Measurements
Standard measurements were used (Straehler-Pohl 2014): bell height (BH) as length between bell turn-over (velarium excluded from measurement) and top of apex; interpedalial diameter (IPD) as distance between opposite pedalia (outer pedalial wing edges) at the level of the bell turn-over; we also measured pedalia length (PL) from attachment to bell to the tentacle insertion as the proportion in relation to bell height.
Photos, original drawings
Photographs of anatomical details of Alatina grandis (London collection), Alatina alata and Alatina rainensis were taken with digital cameras (Canon Powershot G12 and Canon Eos 550D).
The photos of the Sonmiani specimens were taken with a Fujifilm JZ100 camera. Fig. 1A was provided by Muhammad Moazzam Khan.
The original drawings of Alatina grandis by Agassiz & Mayer (1902) were used with courtesy from the collections of the Ernst Mayr Library, Museum of Comparative Zoology, Harvard University. Campbell (1974: 142) stated that gonads in most cnidarians are not separate organs, as found in higher animals, because germ cells are generally found in interstitial portions of the body tissue which, prior to the formation of germ cells, exhibit no reproductive specialization. However, we follow Campbell (1974) , Marques & Collins (2004) , Bentlage et al. (2010) , Morandini & Marques (2010) and Straehler-Pohl & Toshino (2015) in using the term gonad to refer to areas where gametes are formed.
Gonads in Cubozoa
Results
The classification of the species Alatina grandis and others used in this study for comparison, is shown in Table 1 .
In March 2014, a very large carybdeida specimen ( Fig.  1A) with a bell height of 180 mm and a bell width of 114 mm (IPD) was sampled during a fishing excursion in offshore waters, off Karachi in the Northern Arabian Sea. Unfortunately, the specimen broke in half due to its own weight when the habitus was photographed. The animal was discarded after taking the photographs and the later identification was based on six other specimens, with a bell height of up to 220 mm, that were sampled off Sonmiani Agassiz & Mayer (1902: Figs. 26, 27 ; with courtesy from the collections of the Ernst Mayr Library, Museum of Comparative Zoology, Harvard University) and images of a specimen from the Red Sea identified as Charybdea alata by Stiasny (1939: Figs. 2, 4) : A: habitus of living Karachi specimen (image provided by M. Moazzam Khan); B: habitus of juvenile Alatina grandis, drawing by Agassiz & Mayer (1902: Fig. 26 ); C: preserved Sonmiani specimen; D: gastric phacellus of A. grandis, drawing by Agassiz & Mayer (1902 : Fig. 4) ; E: gastric phacellus of Sonmiani specimen; F: rhopalial niche opening, note T -shape with 3 covering scales, photo by Stiasny (1939 : Fig. 2) ; G: rhopalial niche opening of Sonmiani specimen; H: pedalial canal knee bend (arrow), drawing by Agassiz & Mayer (1902: close up of Fig. 26) ; I: pedalial canal knee bend (arrow) of Sonmiani specimen; J: pedalium with pedalial canal, drawing of pedalium of adult specimen by Agassiz & Mayer (1902: Fig. 27 ); K: pedalium with pedalial canal of Sonmiani specimen; L: Velarium of Charybdea alata , canal roots are marked by numbers, drawing by Stiasny (1939: Fig. 4) ; M: velarium of Sonmiani specimen, canal roots are marked by numbers. f: frenulum; iw: inner pedalial wing; ow: outer pedalial wing; pb: pedalial base level; pc: pedalial canal. Table 1 . Recent classification of the species of the order Carybdeida with highlighted species in bold used in this study for comparison (following Gershwin 2005b , Bentlage & Lewis 2012 , Lewis et al., 2013 (Haeckel, 1880) =Alatina moseri (Mayer, 1906) (=Alatina mordens Gershwin, 2005) Alatina grandis (Agassiz & Mayer, 1902) Alatina madraspatana (Menon, 1930) Alatina morandinii (Straehler-Pohl & Jarms, 2011) ?Alatina pyramis (Haeckel, 1880) Alatina rainensis Gershwin, 2005 Alatina tetraptera (Haeckel, 1880) Genus Keesingia Gershwin, 2014 Keesingia gigas Gershwin, 2014 Genus Manokia Southcott, 1967 Manokia stiasnyi (Bigelow, 1938 Tripedalia binata Moore, 1988 Tripedalia cystophora Conant, 1897 and preserved for inspection in March 2015 (Fig. 1C ).
Discussion
Taxonomic history
In October 1899, during the expedition of the Steamer Albatross to the tropical Pacific 1899-1900 (Bowers 1909) , a single specimen of a huge carybdeida medusa was found in an open net that had been towed from a depth of 300 fathoms (550 m) to the surface, south of Fakarava Island, Paumotus (French Polynesia) (Agassiz & Mayer 1902) . The next day a large swarm of mature individuals of the same species was discovered floating very near the surface of the sea off Anaa Island. The specimens reached a bell height of 230 mm. Agassiz and Mayer (1902) described these specimens as a new species, Charybdea grandis. Mayer (1910) corrected the name to Carybdea grandis. Mayer (1917 Mayer ( , 1928 reported two more sampling locations of Carybdea grandis in the Philippines (Luzon) and in Malaysia (Borneo), collected during the Albatross Expedition. Those specimens were immature and reached bell heights of only 120 and 167 mm, respectively.
Since 1909, no official sightings of Carybdea grandis were published until Williamson et al. (1996: pp. 241-243, Plate 9.10) described a sighting by Loisette Marsh from the Western Australian Museum, who took an image of a huge specimen of approx. 500 mm bell height from the coast of Western Australia, suggesting that it belonged to this species. About 20 years later, this suggestion was corrected by Gershwin (2014) who described it as a new genus and species, Keesingia gigas. Stiasny (1937 Stiasny ( , 1939 described carybdeida specimens of enormous bell heights (≥240 mm) and with alatiniid characters (Stiasny 1937 Ziesel from Kamaran (south end of Red Sea); he described these specimens as Tamoya alata or Charybdea alata, respectively, and listed Charybdea alata var. grandis as a synonym (Stiasny 1937: 210) . Gershwin (2005b) established the new family Alatinidae and the new genus Alatina in which she placed all species that were formerly identified as Carybdea alata and which showed crescentic phacellae, T -shaped rhopalial niche openings, large pedalial wings and a velarial pattern that showed 6 or 8 velarial canals per quadrant. She renamed Carybdea grandis to Alatina grandis, even if the type material seemed to be lost.
Bentlage (2010) discovered the thought-to-be-lost type material of Alatina grandis in the collection of the National Museum of Natural History in Washington. It was one of the specimens caught off Anaa Island and was still labelled with the handwriting of A. G. Mayer (Bentlage 2010) .
Comparison to other alatinids with a short and concise delineation from other large Carybdeida
In March 2014, a very large carybdeida specimen (Fig. 1A) with a bell height of 180 mm and a bell width of 114 mm (IPD) was sampled during a fishing excursion in offshore waters, off Karachi in the Northern Arabian Sea. As the specimen broke in half when the habitus was photographed, the later identification was based on six other specimens with a bell height of up to 220 mm that were sampled off Sonmiani and preserved for inspection in March 2015 (Fig. 1C) .
The enormous size of the bell of the Karachi specimen reduced the identification options to 3 carybdeida families and to one or two species within each family, as the bell height in all those species is up to 160 mm or more Carukiidae: Morbakka fenneri with a bell height of up to 180 mm (Fenner et al. 1985 , Fenner 1986 , Gershwin 2008 , Stiasny (1937: p. 210-210, Figs. 1, 2) found in the John Murray Expedition collection in the Natural History Museum in London: A: habitus of Arabian Sea (St. 43) specimen; B: Part of Apex containing crescent-shaped gastric phacellum; C: Nematocyst warts on Apex (white arrows); D: Rhopalial niche with T -shaped opening, covering scales so large that they close the opening nearly completely; E: rectangular knee bend of upper pedalial canal; F: pedalium with pedalial canal, note that inner and outer wing overhang tentacle insertion; G: velarial canals; H: broken upper part and apex of Gulf of Oman (St. 65) specimen; I: crescent-shaped gastric phacellum; J: dendritic, brush-shaped gastric filament; K: body wall, note thickness of mesogloea (8-12 mm); L: broken lower part of Gulf of Oman (St. 65) specimen including rhopalial niches and pedalial bases; M: rhopalial niche with T -shaped opening; N: broken pedalium with pedalial canal, note enormous length of pedalium (95 mm) hinting to a body length of probably 400 mm or more. bw: body wall; gf: gastric filament; gph: gastric phacellum; iw: inner pedalial wing; ow: outer pedalial wing; kn: pedalial knee bend; nv: nerve; NW: nematocyst warts; pd: pedalium; pc: pedalial canal; rh: rhopalium; rhn: rhopalial niche; T: tentacle; vc: velarial canal.
Morbakka virulenta with a bell height of up to 250 mm (Toshino et al. 2013) ; Tamoyidae: Tamoya haplonema with a bell height of up to 165 mm (Haeckel 1880, pers. observation) and Alatinidae: Alatina grandis with a bell height of up to 240 mm (Agassiz & Mayer 1902 , Mayer 1910 , 1917 , Stiasny 1937 or Keesingia gigas with a bell height in the immature holotype of 190 mm and of ca. 500 mm in an unregistered specimen (Williamson et al. 1996 , Gershwin 2014 .
All those carybdeida species are very similar at first sight (large higher-than-wide bell covered with prominent nematocyst warts, long, broad, and simple pedalia with unbranched tentacles, broad velarium with complexly patterned velarial canals; Figs. 1L, M, 2A , B, C, 3A, F).
As crescentic gastric phacellae (Fig. 1D ) and a shallow, small stomach were noted in the Sonmiani specimens (Fig.  1E ), they could be identified as members of the family Alatinidae. Therefore, the Morbakka species, as members of the family Carukiidae which are characterized by the lack of gastric phacellae or filaments in their large stomachs (Gershwin 2008 , Bentlage & Lewis 2012 , Straehler-Pohl 2014 , and members of the family Tamoyidae, which possess gastric phacellae that are arranged in vertical lines along the inner wall of a huge balloon-like stomach (Müller 1859 , Bigelow 1938 , could definitely be excluded from the list of possible identities.
Keesingia gigas possesses the necessary bell size to qualify it for comparison with the Sonmiani specimens. However, the T -shaped rhopalial niche openings of the Sonmiani specimens possess clearly separated lower covering scales, the cleft between them running down the bell until reaching the bell turnover, while the lower covering scales of K. gigas are only partly separated, the cleft measuring only a few millimetres (Gershwin 2014 : Fig. 2A) . Also, the velarial canal system of the Sonmiani specimens is very different from that of K. gigas, which possesses, according to Gershwin (2014) , 5 velarial canal roots per octant, splitting into 6-9 feather-like velarial canals per octant, while the Sonmiani specimens bear 3 velarial canal roots per octant which give rise to 1 to 3 velarial canals each, showing a broad, non-feather-like structure. Next to that and contrary to most other known species of the order Carybdeida, both pedalial wings of K. gigas are notably warty without aberration after sampling (Gershwin 2014) while the pedalia of Alatina grandis and the Sonmiani specimens are smooth and definitely have no warts on the inner wings. Therefore, Keesingia gigas could also be excluded from the list of possible identities.
The T -shaped rhopalial niches, with clearly separated lower covering scales, defined the Sonmiani specimens to be a member of either the genus Manokia or the genus Alatina. Manokia styasnii could be ruled out, because as well as Manokia s small size (23 mm) and the egg-like shape of its body, it has branched tentacles (Stiasny 1930 , Gershwin 2005b ) and the Sonmiani specimens possessed smooth, filiform, non-branched tentacles. Therefore, the specimens from the Arabian Sea had to be members of the genus Alatina.
At present, there is no mature medusa specimen of Alatina morandinii available for examination, which would disqualify this species for comparison, but nontheless, the body size of this species is still very small (8 mm) when the development of gonads starts (Straehler-Pohl & Toshino 2015) , too small to be conspecific with the Sonmiani material. The following species of the genus Alatina could also be excluded due to their peculiar body shapes or small body size in mature specimens: Alatina madraspatana, Alatina pyramis, Alatina tetraptera (Menon 1930 , Haeckel 1880 : Plate 25, Figs. 3, 5, 1904 : Plate 78, Fig. 7) .
The remaining Alatina species could be excluded due to differences in the velarial canal structures. Alatina obeliscus (Haeckel 1904 : Plate 78, Fig. 3 ), Alatina alata (Fig. 2B ) and Alatina rainensis (Fig. 2C) show simple to bifurcated velarial canals with smooth margins while the velarial canal structure of the Sonmiani specimens is complexly branched and the canal margins are jagged (Figs. 1M, 2A) . Unfortunately, Agassiz & Mayer (1902) drew only the habitus and the structure of velarial canals of a juvenile Alatina grandis specimen and Bentlage (2010) stated that the number of velarial canals and their shape could not be determined due to the poor condition of the type specimen. The structure, therefore, cannot be compared here, though the number of velarial canal roots is clearly 3 per octant (Agassiz & Mayer 1902) (Figs. 1I, K) . Therefore, and also because of the body size, we conclude that the specimens from Karachi and Sonmiani must be identified as Alatina grandis (Agassiz & Mayer, 1902) .
Commentary on Tamoya alata/Charybdea alata from the Gulf of Oman and the Red Sea
The velarial canal system of our Sonmiani specimens resemble closely those reported by Stiasny (1937: Fig. 1; 1939: Fig. 4 ; present study: Fig. 1K ) of specimens with bell heights up to 240 mm from the Arabian Sea, the Gulf of Oman or the Red Sea identified by him first as Tamoya alata and later as Charybdea alata with Charybdea alata var. grandis as a synonym. Three (3) of the specimens described and figured by Stiasny (1937) were rediscovered in the John Murray Expedition collection of the British Natural History Museum in London (Figs. 4, 5) . As all three were in the same condition as Stiasny (1937) described them, it was possible to take images of all characteristic features and compare them to our Sonmiani specimens directly. These specimens and the one described, figured and photographed by Stiasny (1939) showed, in every aspect, features identical to those of our Sonmiani specimens and are therefore considered the same species, being hereby identified as Alatina grandis (Mayer & Agassiz, 1902) . The distribution of this species ranges from the Pacific Ocean to the Indian Ocean and might be circumtropical like the species Alatina alata, which has been found Stiasny (1937: p. 210-210) found in the John Murray Expedition collection in the Natural History Museum in London and one specimen from the Philippine Islands, also identified as Tamoya alata : A: habitus of central Arabian Sea (St. 95) specimen; B: apex containing crescent-shaped gastric phacellae; C: pedalium with pedalial canal (marked by dotted line), note dome-shaped pedalial knee bend ; D: rhopalial niche with T -shaped opening; E: velarium with velarial canals; F: habitus of Philippine Islands specimen; G: apex containing crescent-shaped gastric phacellae (marked by dotted line); H: pedalium with pedalial canal; I: volcano-shaped pedalial knee bend (marked by dotted line); J: rhopalial niche with T -shaped opening; K: velarium with velarial canals (marked by dotted line); cs: covering scale; gph: gastric phacellum; iw: inner pedalial wing; ow: outer pedalial wing; kn: pedalial knee bend; pd: pedalium; pc: pedalial canal; rh: rhopalium; rhn: rhopalial niche; T: tentacle; vc: velarial canal.
in the Pacific (Hawaii, Australia, New Guinea) (Lewis et al. 2013 , Carrette et al. 2014 , specimens inspected for this study), in the western and south eastern Atlantic (Pagès et al. 1992 , Collins et al. 2011 , specimen inspected for this study) and the Indian Ocean (specimen from India inspected for this study).
Commentary on Carybdea marsupialis from Gwadar, Pakistan
In 2006, Kazmi & Sultana (2008) sampled carybdeida specimens from Gwadar, Pakistan (Arabian Sea), which they identified as Carybdea marsupialis (Linnaeus, 1758). However, due to their huge bell sizes (150-190 mm BH and up to 95-120 mm in width) and the velarial canal structure, Gul et al. (2015) and Acevedo et al. (in review) doubted their identification as Carybdea marsupialis, because that species reaches a bell height of only about 40 mm and a bell width of about 40 mm (quotient: ≥1 : 1; Gueroun et al. 2015, Acevedo et al., in review) .
In particular, the structure of the velarial canals shown in Kazmi & Sultana (2008: Fig. 2 ) is identical to that of our Alatina grandis specimens from Sonmiani ( Fig. 1L) and to the ones of Stiasny (1937: Fig. 1; 1939: Fig. 4 ; present study: Fig. 1K) . Furthermore, the shapes of the pedalia and pedalial canals (Kazmi & Sultana 2008: Fig. 2 ) are identical to the ones shown in our specimens (Fig. 1J) , the one in Bentlage (2010: Fig. 1B ) and the one drawn by Agassiz & Mayer (1902: Figs. 27, 29;  Figs. 2A, B) . Furthermore, the body size of the Gwadar specimens reported by Kazmi & Sultana (2008) is in the range of the specimens reported by us and by Stiasny (1937: 175 to ≥240 mm BH; 1939: 120 mm BH). The body quotient of IPD/BH is 0.63, nearly identical to the one apparent in Alatina grandis. Therefore, we conclude that the Gwadar specimens are more likely to be members of the family Alatinidae than of the family Carybdeidae and, because of their huge sizes, body quotient, the shapes of their pedalia, pedalial canals and velarial canals and their sampling location, we conclude that these specimens should also be identified as Alatina grandis (Agassiz & Mayer, 1902) .
Due to the new data provided in this study a detailed species description is provided below: 
Description
Bell (Fig. 1A) , in-life, highly transparent, colourless; distal end of pedalia, orange to reddish brown coloured; gastric phacellae, pinkish to yellowish pink (Fig. 1D) ; tentacles, same colour as gastric phacellae; bell covered with large, raised nematocyst warts (Fig. 3C) ; truncate, coneto torpedo-shaped, higher than wide: 240 mm (BH; mean: 200 mm, range: 180->240 mm, n=10), 140 mm (IPD; mean: 122 mm; range: 114-140 mm, n=10), apex, blunt to plane convex; mesoglea thick in-life (Figs. 1A, 3A , H, K, L) but can become very weak when preserved in low concentration formalin (Figs. 1C, 4A, F) ; no horizontal constriction near top.
Rhopalial niches, 4; orifice T -shaped (Figs. 1F, G, 3D, M, 4D, J) with 1 upper covering scale, oval; lower covering scales, 2, very long with vertical opposed edges; ca. 1/6 of bell height up from margin. Rhopalium with 6 eyes (2 median lens eyes, 2 lateral pit, 2 lateral slit eyes).
Pedalia (Figs. 1J, K, 3F, N, 4C, H), 4, single, short in length (length 1/5-1/4 of BH), slightly stalked (stalk length ca. 1/3 of PL), flattened, broad leaf-shaped; inner and outer wings both well over-hanging tentacle insertion (Figs. 1C, K, 3F, N, 4C, H); inner wing slightly broader than outer wing; pedalial canal knee bend dome to volcano-shaped with broad, blunt, rounded top (Figs. 1H, I , 4C, I); pedalial canals characteristic in shape (Figs. 1J, K, 3F, M), broad from canal knee bend downwards, after first pedalium-half tapering towards distal end; tentacles, 4, round in cross section, very thin and delicate in comparison to body size (Figs. 1A, B, 3A, 4F) .
Velarium, broad, more than 1/3 of bell diameter; velarial canal roots, 3 per octant (Figs. 1L, M, 2A) ; velarial canals, 1-3 per root, broad at base, tapering towards distal end, straight, all more or less equally complex: simple to tri-forked with additional bi-forked tips, many short, spike-like side canals and lobes giving jagged appearance, rounded tips; canals flanking frenulum, 1; middle canals, 1; canals flanking pedalia, 2-3 (Fig. 1L, M) ; adradial lappets, 3 per octant, covering bases of canal roots.
Manubrium, very short (1/5 of BH), four-lobed; stomach, flat, shallow; gastric phacellae, 4, two winged, crescent-shaped (Figs. 1D, E, 3B, I , 4B, G), on four stomach corners, gastric filaments, numerous, multiple rooted, long-stemmed, brush-shaped (Fig. 3J) .
Gonads, slender leaf-shaped, reaching from stomach to bell turnover (Fig. 3A) . (Sewell 1935 , Stiasny 1937 
